Under-five mortality is a health indicator in population health Background: and the health sciences. Force of death is a more accurate measure of mortality than others, which indicates the situation of mortality when time tends to zero. The purpose of this research is to construct a simulation for l (the number of people living at exact age x) for under-five mortality in Bangladesh as a whole, and separately for rural and urban areas, and then estimating the mortality rate in regard to these matched models.
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The author(s) declared that no grants were involved in supporting this work. The mortality rate of infants is a reflection of the well-being and nutritional status of children, and also indicates the socioeconomic progress in a given country or region. In truth, it reflects the well-being of mothers, the availability and standard of care for well-being, and how easy it is to receive support in the community and/or country. Child mortality rates and, in particular, infant mortality rates (IMRs) dropped sharply in developed countries, but over the past five decades it has been difficult to lower rates in developing countries such as Bangladesh. It has been found that 29,000 children under the age of five die every day in Bangladesh 1 . It was noted that in 2007, around 9.2 million live births resulted in death of the child before their fifth birthday 3 , but in the next twelve months this number fell to 8.8 million 4,5 , with 41% of these deaths occurring in newborns 5 . The IMRs are 44.5 and 76 per 1,000 live births universal for more developed and less developed countries, respectively, indicating that infant death is still high in some vulnerable groups and areas, despite declining trends 6 . The highest under-five death rates are still observed in sub-Saharan Africa, while South Asia has the second highest rates in the world 5, 7 . Many countries have not reached MDG 4 5 , but Bangladesh is currently one of the few countries in the world, particularly in South Asia and sub-Saharan Africa, to have reached this goal. Bangladesh decreased death rates from 151 deaths per 1,000 live births in 1990 to 50 deaths per 1,000 live births in 2015 8 . Current studies have revealed that the mortality risk index is 45 per 1,000 live births 6 and that under-five mortality is between 71 9 and 65 10 per 1,000 live births. Although the recent downward trend in infant mortality is notable 11 , it remains high in Bangladesh due to the high incidence of malnutrition and childhood diseases. One child dies every three or four minutes, resulting in 14 child deaths every hour in Bangladesh 12 . Deaths usually occur during the neonatal period 13 .
For this reason, a number of studies have been carried out on the mortality of infants and children and under five; however, in Bangladesh, there have been few studies investigating the mortality rate of infants and children under the age of five. The polynomial model can be used to approximate a complex nonlinear relationship, which is related to the polynomial degree, which depends on the data pattern. In addition, the response variable is estimated at any time within the domain of the matched model in terms of the explanatory variable, i.e. the respondent's age. Furthermore, mortality is important because it is considered a mortal situation when time tends to zero, but age-specific mortality is the mortality rate within a specific age group. Therefore, the main purpose of this article is to match some models to l x values for children under five in Bangladesh as a whole, as well as in rural and urban areas separately.
Methods

Data source
To achieve the above-mentioned goals of this study, secondary data on the l x value for age (in months), i.e. the group data for children under five in Bangladesh as a whole and separately for rural and urban areas, are from Bangladesh Demographic and Health Survey (BDHS) 2007 14 . The 2007 BDHS was representative at national level and included the entire population that did not live in institutional housing units in the country. The survey was used as a sampling frame for the list of enumeration areas (EAs) prepared for the Population and Housing Census 2007, provided by Bangladesh Statistics Office (BBS). The BDHS study was conducted using a two-stage stratified sample of households. A total of 600 areas were initially selected, with 207 clusters in urban areas and 393 in rural areas. A complete list of households was then compiled in all selected areas to provide a sampling framework for the second phase of household selection. In the second phase of the sampling, a systematic sample of an average of 30 households per area was selected to provide statistically reliable estimates of the most important demographic and health variables for the country as a whole, for urban and rural areas individually, and for each of the seven divisions (Dhaka, Rajshahi, Rangpur, Chittagong, Khulna, Barisal and Sylhet). The total sample size is 8,721, of which 5,840 come from rural areas and 2,881 from urban areas during the ten years preceding the survey, in which the sample consists of eligible women, i.e. women who have ever been married and who are aged between 10 and 49 with at least one child. Their data are used as the raw data for this study.
Smoothing of age data
To better adjust the model, the age (in months) associated with the l x values in Bangladesh and rural and urban areas was smoothed separately using the 4253H smoothing method twice 15 . The smoothing method was done using Minitab 12.1.
It should be noted that the smoothing method is performed to remove age as well as reporting errors before model fitting for better performance as well as better prediction. There are various methods of smoothing, such as the free-hand curve method, the moving average method and 4253H, the double method. The free-hand curve method does not have a mathematical background and the moving average method loses some observations. For this reason, the 4253H method is used, a double method for better efficacy that does not lose any observations. 
Model fitting
The l x values for under-five mortality showed a non-linear distribution. Therefore, an n degree polynomial model is identified in this case and the model is given as: 
in which x represents the age in months that is used as explanatory variable in the model, y represents the l x value, a 0 is a constant, a i is the coefficient of the x i (i = 1, 2, 3, ..., n) and u is the error term of the model 16 . Here, a suitable n is chosen for which the sum of the squares of the error is the lowest. These models were built using SPSS 22.
Model validation procedure
Cross-validation is a technique used in model selection to better estimate the test error of a predictive model. The idea behind cross-validation is to create a better assessment of a model's predictive performance. For this, to check the legitimacy of these models over the population, the cross validity prediction power (CVPP),
,
cv ρ is employed at this juncture.
The mathematical formula for the CVPP is specified below:
where n is the quantity of classes, k is the number of explanatory variables in the fitted model and R is the correlation between the observed and the fitted values of the response variable. The shrinkage coefficient of the fitted model is the absolute value of
cv ρ is the CVPP and R 2 is the proportion of variation of this model. Furthermore, the stability situation of R 2 of this model is (1 -shrinkage). The estimated CVPP corresponding to R 2 and the results for the model fittings are summarized in Table 1 . It has been shown that the CVPP can also be used as a model validation technique [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
The F-test To identify the overall significance level of the formulated model and the significance of R 2 of the model, the F-test is used in this paper. The formula for the F-test is given as: ( 1) with ( 1, ) degrees of freedom ( ).
where p is the number of parameters of the fitted model, n is the number of cases and R 2 is the coefficient of determination of the fitted model 27 .
Instantaneous force of mortality (μ x )
The instantaneous force of mortality at age x is defined as the ratio of the instantaneous rate of decrease in l x to the value of l x . It is denoted by μ x and, in the limiting case, it is given using differential calculus by:
In brief, it is also called the force of mortality. In fact, the force of mortality is a more accurate measure in mortality studies than age-specific death rates. It measures the mortality situation when time tends to zero. This is an instantaneous measurement, rather than an interval measurement.
Results
The polynomial model is used to fit the age associated with the l x values for children under five in Bangladesh in rural and urban areas, and these fitted models are presented (Figure 1, Figure 2 , Figure 3) The results of the fitted models and the CVPP corresponding to the R 2 of these fitted models of l x values for children under five in Bangladesh and in the rural and urban areas are presented in Table 2 . It seems that the constructed models (i) to (iii) are cross-validated, and their shrinkages are also shown in Table 2 . These imply that the fitted models (i) to (iii) are more than 81% stable, and this is demonstrated in Table 2 .
In addition, it can be seen that the parameters of these models are significant, with more than 94% of the explained variance, which is also shown in Table 3 . The stability position for R 2 of these matched models is over 87%. The calculated values for the F-test, i.e. the analysis of variance (ANOVA) for these matched models with (5, 7) df, are 26.08, 27.09 and 24.548 and are displayed in Table 2 , while the corresponding tabular values are 9.15 for models (i) to (iii) at a significance level of 1%. Consequently, on the basis of these test statistics, it is concluded that the F-test is highly significant, and therefore, that these models are highly significant. That is why the fitting of the models is good. Hence, forecasts based on these models are shown in Table 1 .
It should be mentioned here that other more typical models, such as the linear model (R 2 = 0.53), exponential (R 2 = 0.55), square (R 2 = 0.73) and the cubic model (R 2 = 0.85), were also used for the Bangladesh data set, but they did not show a better fit due to the low coefficient of determination.
The ages associated with force of mortality for children aged under five in Bangladesh, and in rural and urban areas, are estimated from the fitted model of the l x values that are presented in Table 3 and shown in Figure 4 to Figure 6 .
In Table 3 , as well as in the numbers described above, it can be seen that the mortality of children under five in Bangladesh, as well as in rural and urban areas, shows a rapidly decreasing pattern at 0-20 months, followed by a monotonically increasing pattern for age from 20 to 53.5 months and then it begins to decrease. In addition, it has been demonstrated that the mortality rate in rural areas is higher than for urban areas of all ages excluding those aged 53.5 months. All three cases show a similar pattern.
Discussion
Explanation of the empirical age patterns of death using these models is one of the most important topics in population studies, especially in demographics. In this study, the fourth degree polynomial models are well-suited to l x values for children ages under five, with an explanation for the huge proportion of variation. The mortality of infants and children in Bangladesh is significantly reduced, but the future increase in life expectancy requires an additional reduction in mortality 30 . This study estimates how age is related to the mortality of children under the age of five in Bangladesh as a whole and in rural and urban areas separately. We expect these recent mortality findings to convince the government, non-governmental organizations and those responsible for policy planning of the need for a planned increase in socio-demographic development and health care facilities. For this reason, the survival (l x ) function taken from the data is selected as the raw material in this study. The mortality force is the ratio between the instantaneous rate of decrease in l x and the value of l x , which is obtained from the functional dependence between l x and age x. Mortality rate should be treated as the probability of death at a given moment, taking into account survival until that time. It was reported that the l x values for the Bangladeshi male population are in line with the four-parameter cubic polynomial model 30 and it has been observed that the l x values for the Bangladeshi population are consistent with the third degree polynomial model 31 . However, in this study, efforts were made to focus on which mathematical model best suits the relationship between age and l x values for minors in Bangladesh as a whole, and in rural and urban areas separately. For this purpose, the polynomial model is chosen. It should be mentioned that a number of studies were carried out using the polynomial model [32] [33] [34] [35] .
One of the limitations of the survey is that, except for a few questions, almost all information collected in BDHS surveys is subject to reporting errors.
Conclusions
In this study, it was found that the relationship between age and l x values for children under five in Bangladesh results from a four-level polynomial model containing five parameters. The mortality rate shows a rapidly decreasing pattern at 0-20 months and a monotonically increasing pattern between 20 and 53.5 months, and then begins to decrease in all cases. This research result has fundamental strategic implications, especially for educational and awareness program requirements for a real decrease in child mortality and compliance with public health interventions. The researcher recommends additional research, taking into account these unobserved issues that are probably associated with the death of infants and children, to better understand the relationship between family and public factors and the death of a child in Bangladesh. Intervention programs and policies should focus on this research to improve the health consequences for children, in order to achieve future improvement of the situation in Bangladesh as well as in other areas such as sub-Saharan Africa.
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